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Colin	  Woodroffe	  (2002)	  “Coasts:	  Form,	  Process	  and	  Evolu=on”,	  Outline	  of	  Chapter	  5:	  
L5/1	  
5.1.	  Historical	  Perspec=ve	  
Ini=al	  great	  thinkers	  regarding	  reef	  
morphodynamics:	  
Subsidence	  and	  atolls:	  	  
Darwin	  (1842),	  Dana	  (1872)	  
Glacial	  effects	  on	  sea	  level	  and	  
temperature:	  
Daly	  (1910s-­‐1930s),	  Davis	  (1928)	  
1950s:	  1000	  m	  of	  shallow	  water	  
corals	  documented	  on	  Bikini	  Atoll	  	  
-­‐-­‐	  Why	  look?	  Ans:	  Geology	  
beneath	  H-­‐bomb	  tes=ng	  
L5/2	  
5.2.	  Reef	  Morphology	  and	  Zona=on;	  5.2.1.	  Reef	  Morphology	  	  
Two	  main	  provinces:	  	  
	  -­‐-­‐	  Atlan=c	  (West	  Indies)	  #	  species?	  	  far	  fewer	  
	  -­‐-­‐	  Indo-­‐Pacific	  (Tropics,	  but	  not	  eastern	  Pacific)	  far	  more	  species	  
Windward	  vs.	  leeward:	  
	  -­‐-­‐	  Windward:	  Straighter	  edge;	  generally	  more	  developed	  and	  more	  produc=ve	  
	  -­‐-­‐	  Leeward:	  More	  irregular	  edge;	  lower	  slope;	  less	  prominent	  reef	  crest	  
Recent	  sea-­‐level:	  
	  -­‐-­‐	  mid-­‐Holocene	  highstands	  (Pacific)	  lead	  to	  supra=dal	  conglomerates	  
	  -­‐-­‐	  rising	  sea-­‐level	  throughout	  Holocene	  (West	  Indian)	  have	  no	  recent	  emergence	  features	  
Main	  zones:	  
	  -­‐-­‐	  Reef	  front:	  Offshore	  with	  live	  corals	  
	  -­‐-­‐	  Reef	  crest:	  High	  energy	  margin,	  marked	  by	  wave	  breaking	  
	  -­‐-­‐	  Backreef:	  Reef	  flat	  and/or	  lagoon	  
L5/3	  
(Woodroffe	  	  
Fig.	  5.1)	  
forereef	  (oden	  w/talus)	  
forereef	  	  
reef	  rim	  
marks	  previous	  lowstand	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5.2.2.	  Reef	  Zona=on	  
Causes	  of	  zona=on:	  Light,	  
waves,	  sediment,	  exposure	  	  
(all	  can	  be	  related	  to	  depth)	  
Waves:	  Favor	  large,	  well	  
developed	  reefs,	  but	  damage	  
individual	  corals.	  
Globose/encrus=ng	  =	  more	  
energe=c	  and/or	  less	  light	  
Branched/digitate	  =	  less	  
waves,	  less	  exposure,	  more	  
light	  
Plates	  =	  maximize	  light	  but	  
can’t	  handle	  sediment	  well	  	  
(Woodroffe	  	  
Fig.	  5.4)	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5.3.	  Reefs	  in	  Time	  and	  Space	  
(Woodroffe	  	  
Fig.	  5.6)	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e.g.,	  Hawaii	  Islands	  &	  Emporer	  Guyot	  Seamount	  Chain	  
e.g.,	  Christmas	  Island	  	  
5.3.1.	  Reef	  Distribu=on	  and	  Structures	   L5/7	  
.	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5.3.2.	  Quaternary	  	  
Sea-­‐Level	  Varia=on	  
-­‐-­‐	  Kars=fica=on	  
-­‐-­‐	  Solu=onal	  	  
Unconformi=es	  
-­‐-­‐	  Blue	  holes	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5.3.3.	  Holocene	  Reef	  
Growth	  and	  Response	  
to	  Sea	  Level	  
	  	  	  Caribbean	  
(near-­‐field)	  
.	  
Pacific/Indian	  (far	  field)	  
Australia	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5.3.4.	  Reef	  Growth	  and	  Sedimenta=on	  –	  Determines	  surface	  morphology	  of	  reef	  
(Note:	  Reef	  growth	  ≠	  Coral	  growth.)	  
Coral	  growth	  
(4	  –	  200	  mm/yr)	  
Binding,	  encrus=ng	  
Also	  erosion,	  
human	  impact,	  etc.	  
Fine	  skeletal	  
carbonate	  
Precipita=on,	  
lithifica=on	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(Woodroffe	  	  
Fig.	  5.1)	  
forereef	  (oden	  w/talus)	  
forereef	  	  
reef	  rim	  
marks	  previous	  lowstand	  
Review	  of	  Reef	  Morphology:	   L5/12	  
5.4.	  Processes	  on	  Reefs;	  5.4.1.	  Sediment	  Processes	  on	  Reefs	  
In	  terms	  of	  nutrients	  and	  grazing	  pressure,	  coral	  reefs	  are	  favored	  only	  when:	  
Low	  Nutrients	   High	  Nutrients	  
High	  Grazing	  
Pressure	  
Coral	   Turf	  Algae	  
Low	  Grazing	  
Pressure	  
Frondose	  
Macroalgae	  
Crustose	  Coralline	  
Algae	  
Controls	  on	  sediment	  supply,	  movement	  and	  par=cle	  size:	  
-­‐-­‐	  Supply	  of	  calcareous	  sediment	  increases	  with	  area	  of	  produc=ve	  reef	  rim.	  
-­‐-­‐	  Dispersal	  of	  sediment	  increases	  with	  strength	  of	  waves	  and	  currents.	  
-­‐-­‐	  Size	  of	  sediment	  “par=cles”	  (pieces?)	  on	  reef	  increases	  with	  wave	  and	  currents	  energy.	  	  
-­‐-­‐	  Size	  of	  sediment	  is	  generally	  finer	  on	  leeward	  side	  of	  reef.	  
-­‐-­‐	  Sediment	  on	  reefs	  is	  oden	  poorly	  sorted	  (“texturally	  immature”).	  
-­‐-­‐	  Net	  sediment	  input	  from	  other	  parts	  of	  reef	  favors	  beqer	  sor=ng.	  
-­‐-­‐	  Local	  winnowing	  favors	  larger	  sizes	  with	  poor	  sor=ng.	  	  
-­‐-­‐	  Size	  of	  sediment	  is	  concentrated	  in	  classes	  associated	  with	  skeletal	  elements.	  
-­‐-­‐	  Durability	  (and	  therefore	  size)	  of	  par=cles	  depends	  on	  type	  of	  coral	  and	  bioerosion.	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5.4.2.	  Wave	  and	  Tide	  (Current)	  Processes	  
A)	  Wave	  Processes:	  
-­‐-­‐	  Higher	  wave	  energy	  (generally)	  favors	  reef	  growth.	  
-­‐-­‐	  Reefs	  greatly	  affect	  local	  waves	  via	  wave	  breaking	  on	  reef	  crest.	  
-­‐-­‐	  Liqle	  shoaling	  or	  refrac=on	  on	  mid-­‐ocean	  reefs	  because	  reefs	  rise	  steeply	  from	  deep	  water.	  
-­‐-­‐	  Liqle	  reflec=on	  from	  reef	  crest.	  
-­‐-­‐	  Wave	  breaking	  can	  set	  up	  water	  level	  on	  reef	  flat/lagoon.	  
-­‐-­‐	  Some	  (reduced)	  wave	  energy	  can	  pass	  over	  reef	  crest.	  
-­‐-­‐	  Refrac=on	  and	  dissipa=on	  paqerns	  across	  flat/lagoon	  important	  to	  sediment	  redistribu=on.	  
-­‐-­‐	  Waves	  oden	  vary	  drama=cally	  around	  an	  island	  with	  reefs	  (e.g.,	  leeward	  vs.	  windward).	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-­‐-­‐	  Higher	  wave	  energy	  shore:	  Closely	  spaced,	  well-­‐developed	  coral	  spurs	  with	  deep	  grooves	  
on	  forereef.	  
-­‐-­‐	  Lower	  wave	  energy	  shore:	  More	  widely	  spaced	  and	  poorly	  developed	  reef	  topography.	  
L5/16	  
On	  forereef,	  waves	  dominate	  
shallower,	  currents	  oden	  dominate	  
deeper.	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5.4.2.	  Wave	  and	  Tide	  (Current)	  Processes	  
B)	  Current	  Processes:	  
-­‐-­‐	  On	  forereef,	  waves	  dominate	  shallower,	  currents	  dominate	  deeper.	  
-­‐-­‐	  Unbounded	  reefs	  =	  open-­‐ocean	  flow	  across	  reef,	  low	  residence	  =me	  (e.g.,	  “ribbon	  reefs”)	  
-­‐-­‐	  Land-­‐bounded	  reefs	  =	  s=ll	  rela=vely	  open	  on	  ocean	  side,	  moderate	  currents	  
-­‐-­‐	  Reef-­‐bounded	  systems	  =	  atolls	  with	  extensive	  reef	  island	  development	  lead	  to	  longest	  water	  
residence	  =mes	  and	  S,T	  stress	  in	  highly	  protected	  lagoons.	  
-­‐-­‐	  Wave-­‐set	  up	  drives	  rip-­‐like	  circula=on	  over	  flat/lagoon.	  
-­‐-­‐	  Tides	  can	  create	  large	  currents	  in	  backreef	  flat/lagoon.	  
-­‐-­‐	  Flood	  =de	  delta-­‐like	  deposits	  can	  form	  in	  lagoons	  landward	  of	  reef	  passages/inlets.	  
-­‐-­‐	  In	  lagoon,	  currents	  move	  with	  wind	  in	  shallows	  with	  return	  flow	  is	  likely	  in	  deeps.	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5.4.3.	  Extreme	  Events	  and	  Disturbances	  
Physical	  disturbances	  to	  reefs	  –	  Hurricanes	  (or	  other	  large	  storms),	  floods,	  earthquakes/
tsunamis,	  exposure	  by	  extreme	  low	  =des	  or	  wind	  set-­‐down,	  high	  temperatures	  or	  salinity,	  
sedimenta=on.	  
Biological	  disturbances	  to	  reefs	  –	  Predators,	  pathogens,	  diseases,	  high	  nutrient	  loads,	  invasive	  
species,	  loss	  of	  grazers,	  human	  impacts	  (physical	  and	  chemical	  in	  nature).	  
Adapta=on	  to	  disturbance	  –	  Moderate	  disturbance	  can	  enhance	  diversity	  and	  produc=vity.	  
Morphological	  features	  from	  large	  storms	  –	  Storm	  deposits	  (some	  high-­‐standing),	  erosion	  of	  
reef	  front	  and	  crest,	  rubble	  ridges	  and	  ramparts	  on	  crest	  and	  flat,	  origin	  of	  reef	  crests.	  
Disturbance	  magnitude	  and	  frequency	  –	  e.g.,	  1	  vs.	  2	  hurricanes;	  recovery	  period	  depends	  on	  
intensity	  of	  storm/disturbance.	  
Response	  to	  disturbance	  –	  Bleaching	  =	  expelling	  symbio=c	  algae,	  most	  commonly	  associated	  
with	  high	  temperature	  (although	  mul=ple	  stressors	  oden	  contribute).	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5.2.3.	  Atolls	  and	  atoll	  reef	  islands	  
Atolls	  are	  composed	  en=rely	  of	  calcareous	  reef-­‐derived	  sediment	  
	  -­‐-­‐	  Most	  common	  in	  Indian	  &	  Pacific	  (Maldives,	  French	  Polynesia).	  
(Woodroffe	  	  
Fig.	  5.10)	  
Typical	  Holocene	  growth	  phases:	  
	  	  	  -­‐-­‐	  Early	  to	  mid-­‐Holocene	  catch-­‐up	  reef	  growth.	  
	  	  	  -­‐-­‐	  Mid-­‐Holocene	  phase	  of	  reef-­‐flat	  forma=on	  (when	  Indo-­‐Pacific	  tropic	  sea	  level	  was	  +0.8	  m).	  
	  	  	  -­‐-­‐	  Late	  Holocene	  phase	  of	  reef-­‐island	  forma=on	  and	  lagoonal	  infill.	  
	  	  	  -­‐-­‐	  What’s	  next?	  Accelerated	  sea	  level	  rise	  –	  reef-­‐islands	  (e.g.,	  Tuvalu)	  are	  in	  big	  trouble	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Reef	  island	  morphology	  vs.	  storm	  frequency:	  
Frequent	  storms	  	  
	  -­‐-­‐	  rubble	  rampart	  deposits	  on	  reef	  flats	  on	  windward	  side	  
	  -­‐-­‐	  spur	  and	  groove	  on	  reef	  front	  
	  -­‐-­‐	  algal	  ridge	  on	  high-­‐energy	  windward	  reef	  crest	  
	  -­‐-­‐	  conglomerate	  platorm	  forms	  reef	  flat	  and	  underlies	  island	  
	  -­‐-­‐	  islands	  are	  termed	  “motu”	  are	  composed	  largely	  of	  shingle	  
	  -­‐-­‐	  large	  storms	  import	  rubble	  to	  subaerial	  island	  
	  -­‐-­‐	  waves	  are	  usually	  too	  large	  to	  build	  substan=al	  sand	  onto	  island	  
	  -­‐-­‐	  more	  dynamic	  subaerial	  island	  posi=on	  
Infrequent	  storms	  
	  -­‐-­‐	  less	  extensive	  rubble	  deposits,	  less	  prominent	  algal	  ridge	  
	  -­‐-­‐	  less	  extensive	  conglomerate	  platorm	  
	  -­‐-­‐	  islands	  are	  termed	  “cays”	  composed	  mainly	  of	  sand	  
	  -­‐-­‐	  large	  storms	  erode	  sand	  from	  subaerial	  island,	  but	  also	  cause	  rollover/washover	  
	  -­‐-­‐	  sand	  is	  built	  back	  during	  normal	  swell	  condi=ons	  
	  -­‐-­‐	  less	  dynamic	  subaerial	  island	  posi=on	  
	  -­‐-­‐	  movement	  of	  groundwater	  promotes	  beachrock	  forma=on	  and	  island	  stability	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(Woodroffe	  	  
Fig.	  5.26)	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